Dexamethasone is an effective prophylaxis against postoperative nausea and vomiting but is immunosuppressive and may predispose patients to an increased postoperative infection risk. This matched case-control study examined the association between the administration of a single intraoperative anti-emetic dose of dexamethasone (4 to 8 mg) and postoperative infection in patients undergoing non-emergency surgery in a university trauma centre. Cases were defined as patients who developed infection between one day and one month following an operative procedure under general anaesthesia. Controls who did not develop infection were matched for procedure, age and gender. Exclusion criteria included immunosuppressive medications, chronic glucocorticoid therapy, cardiac surgical and solid-organ transplantation procedures. Sixty-three cases and 172 controls were identified. Cases were more likely to have received dexamethasone intraoperatively (25.4 vs 11%, P=0.006), and less likely to have received perioperative antibiotic prophylaxis (60.3 vs 84.3%, P=0.001). Stepwise, multivariate conditional logistic regression confirmed these associations, with adjusted odds ratios of 3. 03 (1.06 to 19.3, P=0.035) and 0.12 (0.02 to 0.7, P=0.004) respectively for the associations between dexamethasone and perioperative antibiotic prophylaxis, with postoperative infection. We conclude that intraoperative administration of dexamethasone for anti-emetic purposes may confer an increased risk of postoperative infection.
Postoperative nausea and vomiting (PONV) remains a major challenge to the specialty of anaesthesia. The associated morbidity and healthcare costs are enormous 1 . Fifty percent of surgery is now performed on a day-case basis. Nausea is the most important factor determining length of stay after ambulatory surgery 2 and the most common cause of unplanned hospital admission 3 . Patients fear PONV more than they fear postoperative pain 4 and it adversely affects patients' satisfaction 5 . A clear-cut scoring system to determine risk of PONV has been described 6 . Despite this, PONV occurs in 30% of post-surgical patients overall and up to 70% of high-risk patients 7, 8 . Hence, consensus guidelines have been published and recently updated 7,9 . Dexamethasone is an anti-emetic that is used as a single dose prophylactically during surgery in patients at high risk of developing PONV 10 and is more effective as prophylaxis, particularly against late PONV, rather than as a therapy once PONV is established 10 . It is also, however, a glucocorticoid and, in common with other glucocorticoids, has potent immunosuppressive actions. The primary focus of research into these agents concentrates on mechanisms of immunosuppression rather than questioning its existence 11, 12 . Some studies have examined outcomes but they were not powered to detect a complication of low incidence such as infection 4, 13 . The impact of postoperative infections on long-term outcomes is becoming better appreciated with the publication of large population studies 15 . The effect is not innocuous 16 . In order to address this question, we designed a matched case-control study to specifically examine the association between dexamethasone administration and the occurrence of postoperative infection.
METHODS
Approval for the study was received from the Institutional Human Research Ethics Committee. A case was defined as a patient who developed infection between one and 28 days following a surgical procedure which had been performed under general anaesthesia. A control was defined as a patient who did not develop infection following a surgical procedure performed under general anaesthesia. Initially the hospital coding database was examined for a one-year period from June 2006 to May 2007. There are no specific ICD-10 codes for postoperative infection and we used the combination of the code for "general anaesthesia" and all infection codes to identify potential candidates as cases.
All postoperative infections were included with the exception of those involving cardiac surgical procedures, organ transplantation or post-infusion infections. We also excluded patients who had their initial procedure at a hospital other than Royal Perth Hospital. Cases where a general anaesthetic was administered for a procedure that was to treat an infective complication of another procedure were excluded, unless the diagnosis of initial infection occurred within 28 days of a primary procedure under general anaesthesia. In these cases, the primary procedure was considered the index anaesthetic and the use of dexamethasone during this procedure only was considered. Cases and controls with chronic renal failure were excluded. The inpatient case file of each candidate case was examined to confirm that they met the inclusion or exclusion criteria.
The diagnosis of bacterial infection in each case was confirmed as antibiotic therapy prescribed by the patient's medical practitioner and infection was suspected due to symptoms or features of local wound infection, cough with purulent sputum, new onset febrile illness or microbiological evidence of a urinary tract infection or other infective focus. The administration of antibiotics alone was not sufficient to confirm the diagnosis of infection. The same approach was employed and applied to controls to ascertain that they did not, in fact, experience bacterial infections. Since the exposure of interest was the administration of intraoperative anti-emetic dexamethasone, cases were excluded from further consideration if they were on chronic systemic or inhaled glucocorticoid therapy, or were likely to have dexamethasone administration avoided due to comorbidities or the presence of risk factors that would preclude dexamethasone administration. Data extracted included age, gender, body mass index, comorbidities (smoking, alcohol, diabetes, renal impairment, autoimmune disorders, heart disease, blood pressure and cholesterol), dexamethasone dose, procedure, procedure duration, infection, interval from procedure to diagnosis of infection and antibiotics used.
Age-, gender-and procedure-matched controls were sought by searching the procedure codes of the hospital patient database. Patients undergoing these procedures and who were not coded for infection postoperatively were identified as potential controls.
Customised macros were written to identify potential controls and to sort them according to sequential Universal Medical Record Numbers. These identifiers are generated in a random fashion and sequential listing did not imply temporal association. In order to match for age, gender and procedure exactly, the time period from which controls were sampled was expanded to the period from July 2004 to June 2007. To maximise power a ratio of controls to cases was initially set at 4:1. The first six controls were selected, permitting two in excess of the required number in the event of chart examination revealing that the initially selected controls had to be excluded. When a control was excluded they were replaced with the next available control until six controls had been used. If there was at least one control for each case then this pair was included in the analysis. In the event that controls in excess of four were valid, the first four were chosen. When all the six selected controls were excluded, the matched case was removed from the analysis. This sequence was agreed upon as being that least likely to introduce bias into the selection of controls and cases. In order to facilitate the selection of controls, the gender and age matching requirement was relaxed, but all controls had to be procedure-matched. It was agreed to account for gender and age effects in the multivariate analysis.
Statistics
Continuous variables were analysed by t-tests or Mann-Whitney U tests, categorical variables were analysed by chi-square tests (or Fisher's exact tests). Cox regression analysis was initially employed to examine the relationship between dexamethasone and infection. Multivariate conditional logistic regression was then employed to examine the relationship between patient and procedure characteristics (including dexamethasone use) and the incidence of postoperative infection. All variables that were demonstrated to be significantly associated with postoperative infection on univariate analysis were entered into the model. Variables whose coefficients had an associated P value >0. 25 were eliminated in stepwise fashion. In order to avoid model 'overfitting', robust and Bootstrap estimation of standard error were used. A P value <0.05 was considered significant and all statistical tests were performed with SPSS for Windows (version 17, SPSS Inc, Chicago, IL, USA, 2009), and STATA ( version 10.0, Statacorp LP, Tx, USA). A university statistician was consulted to evaluate the initial statistical analysis and to confirm the Cox regression result using multivariate conditional logistic regression.
RESULTS
An initial cohort of 324 patients having both the codes for general anaesthesia and infection was identified. Following the application of exclusion criteria, a cohort of 72 cases remained. After the application of the exclusion criteria to the six matched controls for each case, nine cases had to be removed from consideration as all of their matching controls were excluded. Sixty-three cases and 172 controls were thus included in the final analysis, a matching ratio of approximately 3:1.
All cases were matched for procedure. Nine controls were matched for procedure only, and the remaining controls were matched for gender and age decade in addition to procedure. The efficacy of the age and gender matching was confirmed on univariate analysis (Table 1) . While anaesthesia duration tended to be longer for the cases, this was not significant. There were no identifiable differences in demographic details or perioperative laboratory data between the cases and controls. The American Society of Anesthesiologists status of cases and controls was similar, but cases underwent a greater number of procedures in the predefined onemonth study period (P=0.001). These procedures were performed predominantly to address the postoperative infections (surgical site infections and removal of wires). The classes of surgical procedures were matched between the two groups ( Table 2) and there was no difference between cases and controls in terms of the distribution of comorbidities (Table 3 ). However, cases were more likely to have received dexamethasone intraoperatively than controls (25.4 vs 11%, P=0.006, Table 3 ). They were also less likely to have received perioperative antibiotic prophylaxis (60.3 vs 84.3%, P=0.001). There was no difference in the pattern of infections between those cases that did and did not receive dexamethasone (Table 4 ). In the multivariate conditional logistic regression model, age and gender were maintained within the model to account for potential matching imbalance. When adjusted for the other covariates the final model included perioperative antibiotic administration and dexamethasone as being associated with infection. The age-and gender-only adjusted odds ratio (and bias-corrected confidence intervals) for the association between dexamethasone administration and infection using Bootstrap estimation in the most parsimonious final model was 3.03 (1.06 to 19.3, P=0.035, Pseudo R 2 =0.2169, Table 5 ). Perioperative use of antibiotics was associated with a decreased risk of postoperative infection (OR 0.12, 0.02 to 0.7, P=0.004).
DISCUSSION
The most important finding of this matched case-control study is that a strong association between postoperative infection and intraoperative dexamethasone administration has been identified. We think this is the first study of its kind to address the issue specifically, and also the first to demonstrate an increase in the odds of infection. There are many aspects of the pharmacology of glucocorticoids in general and dexamethasone in particular that might account for this observed increase in infections. Glucocorticoid receptor-mediated events interfere with the nuclear transcription mechanisms that are responsible for the full expression of an inflammatory process 17 and they have subtle effects upon T-cell development and phenotypic expression. These may be important in the context of immune competence in the perioperative period 12 . This is particularly true of dexamethasone which attenuates T-cell receptor signalling 18 . Which of these mechanisms might contribute to the association with infection that our study suggests is unknown.
There is epidemiological evidence to suggest that the response of the immune system to surgical stress has a profound impact upon long-term outcome. More patients die within the first year after surgery 19 than in the weeks immediately following their surgical procedure 15 . However, the occurrence of any 30-day complication has a strong, independent effect upon long-term survival 20 , particularly the infective complications of pneumonia and deep wound infections 15 . Even an apparently innocuous wound infection in the elderly can have a significant impact upon mortality 16 . Anaesthesia has a marked but incompletely characterised impact on immune 20 . It is possible that the use of a single dose of dexamethasone at a time of extreme perturbation of the immune system may disturb the homeostatic mechanisms and this may manifest as neutrophil/ lymphocyte anergy and immunosuppression 21 . Clinically this would result in an increase in infections, such as we have demonstrated. The duration of anaesthesia has been previously reported as being associated with an increased risk of wound infection 22 but in our study this did not quite reach significance. American Society of Anesthesiologists physical status, body mass index and perioperative biochemistry did not differ between the cases and controls. Cases, however, did undergo a greater number of surgical procedures and this can be explained by the need for debridement of wounds in patients with wound infections. The comorbidity profile of cases and controls was well-balanced. Our finding of the influence of perioperative antibiotic prophylaxis on decreasing infection risk is consistent with the findings in other studies 23 . Surgical site infections are the most common nosocomial infection followed by pneumonia but this varies with the type of surgery 24, 25 . We did not observe an influence of dexamethasone on the pattern of infections in the cases.
We elected to perform a case-control study as this has several advantages: it is quick, statistically economical and is useful for uncommon conditions. There were a number of particular strengths of our study. By matching for age, gender and procedure, we were able to control these factors that are associated with postoperative infection. Hence, we removed the possible confounding that this may introduce. The approximate ratio of controls to cases of 3:1 is close to the 4:1 ratio that confers maximal power. We used Bootstrap estimation of standard errors to decrease the risk of model 'overfitting'. We also kept age and gender in the final model in order to account for the differing likelihood of patients of different ages and genders receiving anti-emetic dexamethasone. A university statistician confirmed our findings in this study. We have previously completed an observational cohort study examining this association, but we did not identify an association between dexamethasone and infection 25 . However, that study was underpowered to detect a small difference between groups. This serves to underline the different results that may occur when differing methodologies are applied to similar cohorts. It is likely that this question will not be resolved without a large scale clinical trial with stratified randomisation according to risk-grouping.
The major weakness of a retrospective, observational study such as this is the occurrence of selection and recall bias. This was minimised, however, by using clear objective diagnostic criteria 26 . The selection of controls was a random process and the confirmation of exposure was extracted from the anaesthesia charts. The use of a propensity score might have assisted in decreasing the impact of treatment selection bias on the observed causal effect 27 . The use of this technique is, however, limited for a study of this size where the ratio of cases (events) to confounding variable is less than seven 28 , and does not circumvent the unaccountedfor confounders that may bias any observational trial 29 . Propensity scores have not, however, been generally accepted in the published literature 30, 31 . We therefore decided that this strategy would not enhance our analysis. Although observational studies are considered lower in the evidence 'hierarchy' than randomised controlled trials, there is evidence that both types of study can frequently reach the same conclusion, although observational studies tend to overestimate treatment effects 32 . The principal role of observational studies may be to generate hypotheses for randomised controlled trials to test 33 , and this may be the most important consequence of our data. A previous single-centre, small, randomised, controlled trial examined this issue, with postoperative infection as a secondary outcome 34 . In that study, follow-up ended at two weeks, the groups were high risk and surgical site infection was the only infection type considered. There are considerable differences in the patient population and methodology to the heterogeneous cohort that our study represents. Hence, we believe that the currently available literature still does not provide data on the influence of dexamethasone on perioperative immunocompetence, nor on infection rate.
In conclusion, in our matched case-control study the administration of anti-emetic dexamethasone intraoperatively was associated with an increase in the odds of developing a postoperative infection. These findings warrant closer examination in a randomised controlled trial before the risk/ benefit profile of dexamethasone in this respect can be confirmed. Until then we cannot support its recommendation as an anti-emetic.
